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2313784 



Medical Apparatus for Facilitating Blood Circulation 
in the Lower Limbs 

The present invention relates to a medical apparatus for facilitating and supporting 
blood circulation in a user's lower limb and, more particularly to an apparatus in the 
form of a sandal element having inflatable chambers located at distinct portions of the 
sandal element for selectively and independently applying pressure to distinct portions 
of the user's foot, thereby simulating any motor activity of the foot. 

Blood circulation in the legs of a subject and specifically blood return from the 
lower limbs to the hean of a user via the venous circulation is generally dependent on 
the activation of motorical mechanisms, including passive and active mechanisms. 

Passive mechanisms relate to emptying of a group of venous blood vessels located 
at the subject's foot, sometimes called the venous plexus of the foot, into the deep veins 
of the foot and calf, normally due compression of the venous plexus. Compression of the 
venous plexus may be normally achieved due to weight bearing by the subject's foot in 
a standing condition, by transient stretching of the venous blood vessels located mainly 
at the plantar arch of the subject's foot. The compression of the venous plexus forces the 
venous blood up the limb towards the heart thereby enabling the venous plexus to refill, 
for example, with new blood. 
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Active mechanisms relate to muscular activity in the user's calf which forces the 
venous blood cephalad, normally activated by motorical activity of the lower limbs. Such 
muscular activity include the activation of venous muscular pumps, and panicularly a 
venous muscular pump located at the calf of the subject. Activation of such venous 
5 muscular pump is normally the result of regular walking activity, and in particular the 

last stage of each step wherein the user^s metatarsus and toes carry most of the user's 
weight, and user's the toes are pressed against the floor, thereby changing their position 
relative to the rest of the foot. The activation of the venous muscular pump at the 
subject's calf results in sequential compression of the deep veins surrounded by the calf 

10 muscles, thereby forcing the venous blood within the deep veins upstream towards the 

subject's hean, overcoming the force of gravity. 

Thus, the active mechanism triggered by the muscular venous pump at the 
subject's calf is complementary to the passive mechanism triggered by emptying of the 
venous plexus of the foot, since it supports the circulation of venous blood, previously 

15 forced into the calf by the compression of the venous plexus, toward the hean of the 

subject. 

When inactivity of the legs is forced upon a person, then blood- tends to 
accumulate in the venous plexus of the subject's feet, blood return to the heart is 
impaired, and conditions of deep vein thrombosis, edema, pulmonary emboli, and 
20 varicose veins may develope. Such impairment of blood circulation may be observed, for 

example, in individuals using wheelchairs, geriatric patients, patients going through long 
surgical procedures and individuals spending long periods of times in sitting conditions. 
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Various attempts have been made to provide an apparatus having inflatable 
chambers for exerting pressure on the foot of a user, thereby facilitating blood circulation 
in the user's limbs. Examples are disclosed in U.S. Pat. No. 5,354,260 and 5,443,440. 
However, such devices are designed to activate only the . passive mechanism of 
compressing the venous plexus at the plantar arch of the foot, and not active mechanisms 
such as activation of the venous muscular pump located at the subject's calf. Thus, 
although such devices provide means to force the blood accumulated in the subject's foot 
toward the subject's heart, they do not provide complementary means for physiological 
compression of the deep veins in the subject's calf and support of the venous circulation 
in the cephalad direction. Therefore, their effectiveness in facilitating blood circulation 
in the user's limbs is limited . 

Specifically, the disclosed devices include one or two inflatable chambers for 
exerting relatively homogeneous pressure or pressures, respectively, on a broad area of 
the user's sole. None of these devices makes it possible to selectively apply pressure to 
a limited ponion of the user's sole, for example, the user's toes, so as to selectively 
change the orientation of the limited ponion relative to the rest of the foot. Accordingly, 
the disclosed devices do not make it possible to activate the venous muscular pump 
located at the user's calf, by changing the orientation of the toes relative to the rest of 
the foot. 

Moreover, none of these devices makes it possible to independently inflate and 
deflate distinct inflatable chambers for independently applying pressure to different 
ponions of the user's foot, thereby simulating any motor activity of the foot, such as 
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standing, walking and running activity. 

There is thus a widely recognized need for, and it would be highly advantageous 
to have, a medical apparatus for facilitating and supporting blood circulation in the user's 
lower limbs which makes it possible to activate passive mechanisms such as compression 
5 of the venous plexus of the foot and active mechanisms such as activation of the venous 

muscular pump at the subject's calf, thereby forcing the blood up the limbs toward the 
subject's hean and overcoming the force of gravity. 

Specifically, it would be advantageous to have such device which enables to 
selectively and independently inflate distinct inflatable chambers so as to selectively and 
10 independently apply pressure to distinct portions of the user's foot. It would be further 

- advantageous to have such device which enables to change the orientation of such distinct 
ponions relative to the rest of the foot. In particular, it would be advantageous to have 
such device which enables to selectively apply pressure to the toes of the user so as to 
change the orientation of the toes relative to the rest of the foot, thereby activating the 
15 venous muscular pump located at the user's calf. 

It would be further advantageous to have a medical apparatus which enables to 
alternately and sequentially inflate and deflate distinct inflatable chambers so as to 
alternately apply pressure to distinct portions of the user's foot, thereby simulating any 
motor activic}' of the foot, such as walking and running. 
20 It would be funher advantageous to have such apparatus which is comfortable, 

compact, mobile and easy to handle; and which can be operated by means of batteries 
or a DC power supply of a car and therefore can be used everywhere. 

4 
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According to the present invention there is provided a medical apparatus for 
facilitating and supponing blood circulation in a user's lower limb, comprising: (a) a 
sandal element, including: a sole element having inflatable chambers, each of the 
inflatable chambers being located at a specific portion of the sole element for selectively 
applying pressure to distinct portions of the user's sole, each of the inflatable chambers 
controllably inflatable and deflatable at a specific timing so as to independently apply 
pressure to the distinct portions of the user's sole; and a shell element for fastening the 
sole element to the user's foot; and (b) an inflating system for inflating and deflating the 
inflatable chambers in a controllable maimer. 

According to further feamres in preferred embodiments of the invention described 
below, the shell element may include one or more closure members for fastening the 
shell element around the user's foot. 

Accordmg to still funher feamres in the described preferred embodiments, each 
of the inflatable chambers may feamre a specific maximal pressure value while in its 
inflated form. Further, each of the inflatable chambers may feamre walls of a specific 
flexibility, so that each of the chambers features a specific height or a specific volume 
in its maximal inflated form. 

Funher, the inflatable chambers may feamre any shape for efficiently applying 
pressure against the respective parts of the user's sole. 

The inflatable chambers may be independently inflated and deflated according to 
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any specific sequence so as to simulate any specific motor activity of the user's foot. 

The frequency of inflation and deflation and the operating time of the inflating 
* system may be predetermined by the user so as to simulate different races and durations 
of motor activities. Further, the specific maximal pressure value within each of the 
5 inflatable chambers may be predetermined by the user. 

According to additional features of the invention described below, the sole 
element may include: a first inflatable chamber adapted to engage the user's heel; a 
second inflatable chamber adapted to engage the user's plantar arch; a third inflatable 
chamber adapted to engage the user's metatarsus; and a fourth inflatable chamber adapted 
10 to engage the user's toes. 

The sequence of inflation and deflation may include inflation and subsequent 
deflation of the first, second, third and fourth chambers, so as to alternately and 
sequentially apply pressure to the heel, plantar arch, metatarsus and toes of the user, 
thereby simulating walking, running, or any other activity. 
15 According to another embodiment, the sequence of inflation and deflation may 

include simultaneous inflation of the first, second, third, and founh chambers and then 
simultaneous deflation of these chambers, so as to simultaneously apply pressure to the 
entire venous circulation of the user's foot. While using such embodiment, each of the 
chambers may feature a specific maximal pressure so as to simulate, for example, 
20 standing condition of the user. 

Alternatively, the sequence of inflation and deflation may include sequential 
inflation of the first, second, third, and founh chambers, and then sequential deflation 
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of the first, second, third, and fourth chambers. 

The chambers to be inflated and deflated may predetenninately be selected by the 
user, so that only the selected chambers take part in the cycle of inflation and deflation. 

Thus, according to another embodiment of the invention, the sequence of inflation 
and deflation may include inflation and subsequent deflation of the second and the forth 
chambers, so as to alternately and sequentially apply pressure to the plantar arch and toes 
of the user, thereby compressing the user's venous plexus and activating the venous 
muscular pump located at the user's calf. 

An inflating system according to the present invention may preferably include: 
a pump for pumping fluid into the inflatable chambers; a valvular system for controlling 
the flow of fluid into and out of the inflatable chambers, the valvular system including 
mbular elements each having a valve, each of the mbular elements being connected to 
a distinct inflatable chamber; a pressure sensor for sensing the pressure within the 
valvular system; and a controller for controlling the operation of the pump and the 
valvular system according to the pressure sensed by the pressure sensor. 

The present invention successfully addresses the shortcomings of the presently 
known conflguraiions by providing a medical apparatus for effectively facilitating and 
supporting blood circulation in a user's lower limb which makes it possible to activate 
passive mechanisms such as compression of the venous plexus of the foot as well as 
complementary active mechanisms such as activation of the muscular pump at the 
subject's calf, thereby allowing to force blood up the limbs toward the subject's hean in 
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a physiological manner. 

Specifically, the present invention addresses the shortcomings of the presently 
known configurations by providing a medical apparatus which enables to selectively and 
independently apply pressure to a distinct portion of the user's foot, thereby changing the 
position of the distinct ponion relative to the rest of the foot. For example, such 
apparatus enables to change the position of the user's toes relative to the rest of the foot, 
thereby activating the venous muscular pump located at. the user's calf. 

Further, the present invention addresses the shoncomings of the presently known 
configurations by providing a medical apparatus which enables to alternately and 
sequentially apply pressure to distinct portions of the user's foot, thereby simulating any 
motor activity of the foot, including walking and running. 

The present invention discloses a novel medical apparams comprising: a sandal 
element including a sole element having inflatable chambers and a shell element; and an 
inflating system for independently inflating and deflating distinct inflatable chambers. The 
user may specify- the chambers to be inflated and deflated and the sequence of inflation 
and deflation. The user may further specify the maximal pressure value to be adopted by 
each chamber, as well as the frequency of inflation and deflation and the operating time 
of the inflating system, so as to simulate any motor activit\* of the foot at different 
pressures, rates, and durations respectively. While selecting sequential inflation and 
deflation of adjacent chambers staning from the heel, the apparatus may simulate walking 
activities at different rates, as well as running activities. While selecting any other 
sequence of inflation and deflation of chambers, the apparatus may simulate any other 
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motor activity of the foot. 



The invention is herein described, by way of example only, with reference to the 
accompanying drawings, wherein: 
5 FIG. la is a top view of a sandal element according to the present invention, in 

a configuration adopted while attached to the user's foot; 

FIG. lb is a top view of the sandal element shown in FIG. la. in an extended 
configuration; 

FIG. Ic is a schematic side view, partially in longitudinal section, of a sole 
10 element according to the present invention; 

FIG. 2a is a top view of another embodiment of a sandal element according to the 
present invention, in an extended configuration; 

FIG. 2b is a bonom view of the embodiment shown in FIG. 2a, in an extended 
configuration; 

15 FIG. 2c is a side view of the embodiment shown in FIG. 2a; 

FIG. 3 is a schematic diagram of a possible embodiment of inflating system 
according to the present invention; 

FIG. 4 is a schematic graph illustrating a possible sequence of alternate inflations 
and deflations of distinct inflatable chambers of a sandal element according to the present 
20 invention expressed by the pressure values built within each of the inflatable chambers 

as a function of time. 

9 
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The present invention is of a medical apparatus for facilitating and supporting 
blood circulation in the user's lower limb by selectively applying pressure to distinct 
portions of the user's foot. Specifically, the present invention may be used to 
5 independently inflate and deflate distinct inflatable chambers of a sandal element so as 

to selectively and alternately apply pressure to distinct ponions of the user's foot, thereby 
simulating any motor activity of the foot, such as walking and running. 

The principles and operation of a device according to the present invention may 
be better understood with reference to the drawings and the accompanying description. 

10 deferring now to the drawings, FIGS, la, b and c illustrate a sandal element 

according to the present invention. The sandal element comprises a sole element 2 for 
receiving the foot of a user and a shell element 16 for fastening sole element 2 to the 
user's foot. Shell element 16 may include at least one closure element 18 for fastening 
shell element 16 around the user's foot. Closure element 18 may be, for example, a 

15 Velcro fragment. 

As shown in FIG. Ic, sole element 2 includes a plurality of inflatable chambers. 
For example, sole element 2 may include four inflatable chambers 4, 6, 8, and 10 
adapted to engage the heel 20, plantar arch 22, metatarsus 24. and toes 26 of the user's 
foot. 

20 Preferably, sole element 2 includes a rigid base layer 15 made of, for example, 

cardboard, plastic, or any other material, coated with polyvinyl chloride. The walls 4a, 
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6a, 8a and 10a of inflatable chambers 4. 6, 8 and 10 respectively, are preferably made 
of polyvinyl chloride. 

Each of walls 4a, 6a, 8a and 10a of inflatable chambers 4, 6, 8 and 10 
respectively, may feature a specific flexibility so that each of the inflatable chambers 
5 features a specific height and a specific volume while in its maximal inflated form. 

As shown in FIG. Ic, inflatable chambers 4, 6, 8 and 10 may simultaneously be 
heat-sealed such that the walls forming partitions between the inflatable chambers. 
Preferably, the inflatable chambers may simultaneously be heat sealed with tubing 
cormections for connecting the chambers to an inflating system. Alternatively, inflatable 
10 chambers 4, 6, 8 and 10 may simultaneously be sealed by means of, for example, 

ultrasound or RF. The inflatable chambers may be secured to base layer 15 by any 
securing means, such as adhesive. 

Another possible configuration is shown in FIGs. 2a, b and c. In this 
configuration, inflatable chambers 4. 6, 8 and 10 are individually heat-sealed or sealed 
15 by means of, for example, ultrasound or RF, and secured to base layer 15 by any 

securing means. 

Each of inflatable chambers 4, 6. 8 and 10 may feature a specific size and shape 
for efficiently applying pressure against the respective parts of the user's sole. 

As shown in FIGs. 2a. b. and c. shell element 16 may preferably feature a 
20 plurality of closure members 18 for fastening shell element 16 around the user's foot. 

Closure members 18 may be, for example, refmed 18b and unrefined 18a Velcro 
fragments. 

11 
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As shown in FIGs. la and 2a, b and c, shell element 16 may feanire openings 
20a, 20b, 20c and 20d for receiving tubular elements 30a, 30b. 30c and 30d 
respectively, the tubular elements being connected to an inflating system such as inflating 
• system 60 (FIG. 3) for controllably inflating and deflating inflatable chambers 4, 6, 8 
5 and 10. Shell element 16 may further include openings 21a. 21b, 21c and 21d for 

receiving mbular elements 30a, 30b. 30c and 30d respectively, so as to allow a 
convenient connection of inflating system 60 to sandal elements attached to the left foot 
and the right foot of a user. 

FiG. 3 illustrates a possible embodiment of an inflating system according to the 
10 present invention for controllably inflating and deflating inflatable chambers 4, 6. 8 and 

10, preferably at a periodical manner. As shown in the Figure, inflating system 60 
preferably comprises: a pump 40 for pumping fluid such as air into inflatable chambers 
4, 6, 8 and 10; a valvular system 42 for controlling the flow of fluid into and out of the 
inflatable chambers; a pressure sensor 46 for sensing the pressure within valvular system 
15 42; and a controller 55 for controlling the operation of inflating system 60. 

Pump 40 may preferably be electrically connected to a transformer element 54 
connectable to an AC or a DC electrical power supply, Funher, pump 40 is preferably 
electrically connected to controller 55. Inflating system 60 may include a plurality of 
pumps 40 for pacilitating the buildup of pressure within the inflatable chambers, 
20 Inflating system 60 may further include a fluid container (not shown) for 

temporarily housing the fluid pumped by pump 40 into valvular system 42. 
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Inflating system 60 may further include a valve 48 for controUably directing the 
fluid pumped by pump 40 into valvular system 42 or to atmosphere, so as to enable 
efficient inflation and deflation of inflatable chambers 4, 6. 8 and 10. Valve 48 is 
electrically connected to controller 55. 
5 Valvular system 42 includes a plurality of mbular elements, each connectable to 

a distinct inflatable chamber. According to the configuration shown in FIG. 3. valvular 
system 42 includes four mbular elements 30a. 30b, 30c and 30d connectable to inflatable 
chambers 4. 6, 8 and 10 respectively. Tubular elements 30a. 30b, 30c and 30d are 
preferably connected to a main manifold element 43, one end of which is connected to 
10 pump 40 by means of mbular element 45. Tubular manifold 43 may preferably be made 

of aluminum or any other material. Alternatively, each of mbular elemenets 30a, 30b, 
30c and 30d may be individually connected to a distinct pump for allowing independent 
inflation and deflation of the inflatable chambers. 

Each of mbular elements 30a. 30b. 30c and 30d includes a valve 44a, 44b, 44c 
and 44d respectively, for controlling the flow of fluid into and out of inflatable chambers 
4, 6. 8 and 10 respectively, thereby controlling the inflation and deflation of said 
inflatable chambers. Each of valves 44a. 44b, 44c and 44d is electrically connected to 
controller 55. 

Each of valves 44a. 44b. 44c and 44 d has two possible states, one of which 
allowing flow communication between manifold element 43 and chambers 4, 6. 8, and 
10. respectively, and the other of which blocking flow communication between manifold 
element 43 and said chambers, respectively. 
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Pressure sensor 46 is connected to valvular system 42 by means of manifold 
element 43, and senses the pressure within manifold element 43. Pressure sensor 46 is 
electrically connected to controller. 55. 

Alternatively, inflating system 60 may include a plurality of pressure sensors. 
5 each connected to a distinct tubular element 30a, 30b, 30c and 30d, for sensing the 

pressure within tubular elements 30a, 30b, 30c and 30d respectively. 

Inflating system 60 may further include a valve 50 for allowing the deflation of 
chambers 4, 6, 8, and 10. 

Further, inflating system 60 may include a safety releaser 52 for releasing fluid 
10 to atmosphere upon a specific pressure value sensed by pressure sensor 46. 

Preferably, controller 55 controls the operation of: pump 40; valvular system 42 
including valves 44a, 44b, 44c and 44d; and valves 48 and 50, according to the pressure 
sensed by pressure sensor 46. 

Each of mbular elements 30a. 30b, 30c and 30d may branch to two tubular 
15 elements, one of which connectable to a respective inflatable chamber 4, 6, 8 and 10 of 

a right sandal element, and the other connectable to a respective inflatable chamber 4, 
6, 8 and 10 of a leh sandal element. This configuration allows identical simultaneous 
operation of a right sandal element and a left sandal element. 

Alternatively, inflating system 60 may include an additional set of valves, said set 
20 being connectable to manifold element 43, so that one set of valves is. connectable to a 

right sandal element and the other set of valves is connectable to a left sandal element. 
This configuration allows alternate operation or any coordinated or independent operation 
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of a right sandal element and a left sandal element. 

Preferably, transformer element 54, pump 40, valvular system 42, pressure sensor 

46, valves 48 and 50, safety releaser 52 and controller 55 are placed within a housing 

62. Housing 62 preferably includes a controlling panel for setting various parameters by 
5 the user, such as: specification of the chambers to be inflated and deflated and the 

sequence of inflation and deflation; specification of the maximal pressure values and the 

pressure profiles within the inflatable chambers; selection of the frequency of inflation 

and deflation and the operating time of inflating system 60; and selection of one or two 

operating sandal elements. 
0 Alternatively, the controlling panel may be placed at a remote control element, 

the remote control element being electrically connected to controller 55. 

Inflating system 60 may be adapted to serve several patients, such that each 

patient uses one or two sandal elements. Accordingly, each of tubular elements 30a, 30b. 

30c and 30d may branch to a plurality of tubular elements, each tubular element 
5 connectable to a distinct chamber of a distinct sandal element. 

Alternatively, inflating system 60 may include a plurality of valvular systems 42 

connectable to a main valvular system for controlling the operation of valvular systems 

42, each of valvular systems 42 controlling the operation of one or two sandal elements 

of a distinct patient. 

0 Preferably, inflating system 60 independenUy inflates and deflates the inflatable 

chambers according to a specific sequence set by the user, so as to simulate any specific 
motor activity of the foot. Referring now to FIG. 4. the sequence of inflation and 

15 
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deflation may include, for example, inflation and subsequent deflation of chamber 4, 
chamber 6, chamber 8, and chamber 10, so as to sequentially and alternately compress 
the heel 20. plantar arch 22. metatarsus 24, and toes 26 of the user, thereby simulating, 
for example, walking or running activity. 

As shown in FIG. 4, each of inflatable chambers 4, 6, 8, and 10 preferably 
features a specific pressure profile and a specific maximal pressure value, so as to 
simulate pressures experienced by the user while exercising, for example, walking 
activity. However, the specific maximal pressure values within each of chambers 4. 6, 
8 and 10 may be predetermined by the user. Further, the specific pressure profiles, i.e., 
the pressure-buildup and pressure-relaxation within each of the chambers as a function 
of time, may be predetermined by the user. 

The frequency of inflation and deflation of chambers 4. 6, 8 and 10 at a given 
cycle -of inflation and deflation may be predetermined by the user. Further, the time 
between a given cycle and the next cycle of inflation and deRation of chambers 4. 6, 8 
and 10 may be predetermined by the user, so as to simulate walking activities at different 
rates, as well as running activity. 

Funher, the operating time of inflating system 60 may be predetermined by the 
user so as to simulate different durations of walking activity, running activity, standing, 
or any other motor activity. 

The specification of the inflatable chambers to be inflated and deflated, as well 
as the sequence of inflation and deflation may be predetermined by the user. Thus, 
according to another embodiment, the sequence of inflation and deflation may include 

16 
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inflation and subsequent deflation of chamber 2 and then inflation and subsequent 
deflation of chamber 4, so as to sequentially and alternately apply pressure to the plantar 
arch 22 and toes 26 of the user, thereby compressing the user's venous plexus and 
sequentially activating the venous muscular pump at the user's, calf. 
5 According to additional embodiment, the sequence of inflation and deflation may 

include simultaneous inflation of chambers 4, 6, 8 and 10. and then simultaneous 
deflation of chambers 4, 6, 8 and 10. so as to simultaneously apply pressure to the heel, 
plantar arch, metatarsus and toes of the user, thereby applying pressure to the entire 
venous circulation of the user's foot. While using such embodiment, each of the 
10 chambers may feature a specific maximal pressure so as to simulate, for example, 

standing conditions of the user. 

Alternatively, the sequence of inflation and deflation may include sequential 
inflation of chambers 4, 6, 8 and 10, and then sequential deflation of chambers 4, 6. 8 
and 10, 

15 Referring now to the specific example shown in FIG. 4. While using this 

configuration, pump 40 pumps fluid into valvular system 42 for independently inflating 

and deflating chambers 4, 6, 8 and 10. 

Initially, valves 48 and 50 (FIG. 3) are set by controller 55 to allow flow of fluid 

from pump 40 to valvular system 42. Valvular system 42 is set by controller 55 to allow 
20 flow of fluid only into chamber 4. This is done by setting valve 44a to allow fluid 

conmiunication between manifold element 43 and tubular element 30a. 

17 
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Pressure sensor 46 senses the pressure within manifold element 43. When the 
pressure sensed by pressure sensor 46 becomes equal to the pressure value selected for 
chamber 4, valve 44a is set by controller 55 to stop the inflation of chamber 4. Then, 
valve 44b is set to allow inflation of chamber 6. 

When the pressure sensed by pressure sensor 46 becomes equal to the pressure 
value selected for chamber 6. valve 44b is set by controller 55 to stop the inflation of 
chamber 6, and valve 44a is set to allow deflation of chamber 4. During the deflation 
of chamber 4, valve 48 is set by controller 55 to direct the fluid pumped by pump 40 to 
atmosphere, and valve 50 is set to allow release of fluid trapped within the system. After 
the deflation of chamber 4, valve 44a is set to stop flow conununication between 
chamber 4 and manifold element 43, and valve 44b is set to allow the deflation of 
chamber 6. 

When chamber 6 is partially deflated, valve 44b is set to stop the deflation of 
chamber 6, valves 48 and 50 are set to allow flow of fluid from pump 40 to valvular 
system 42, and valve 44c is set to allow inflation of chamber 8. 

When chamber 8 is partially inflated, valve 44c is set to stop the inflation of 
chamber 8. valve 48 is set to direct the fluid pumped by pump 40 to atmosphere and 
valve 50 is set to allow release of fluid trapped within the system, and valve 44b is set 
to allow the deflation of chamber 6. When chamber 6 is completely deflated, valve 44b 
is set to stop flow communication between chamber 6 and manifold element 43. valves 
48 and 50 are set to allow flow of fluid from pump 40 to valvular system 42, and valve 
44c is set to allow inflation of chamber 8. The deflation of chamber 8 and inflation of 

18 
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chamber 10 is then carried out in a similar manner. 

When the pressure sensed by pressure sensor 46 becomes equal to the pressure 
value selected for chamber 10, valve 44d is set by controller 55 to stop the inflation of 
chamber 10. Valve 44d is then set by controller 55 to allow deflation of chamber 10. 

Further, controller 55 sets valve 48 to direct the fluid pumped by pump 40 out 
to atmosphere, until the next cycle of inflation and deflation of chambers 4, 6, 8 and 10. 
Alternatively, valve 48 is maintained at a position for allowing flow communicauon 
between pump 40 and a fluid container, so that the fluid pumped by pump 40 is 
accumulated within the fluid container untU the next cycle of inflation and deflation of 
chambers 4. 6. 8 and 10. During this time, valve 50 is set by controller 55 to allow 
release of fluid trapped within the system. 

While the invention has been described with respect to a limited number of 
embodiments, it will be appreciated that many variations, modiflcations and other 
applications of the invention may be made. • 
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CLAIMS: 

1. A medical apparatus for facilitating blood circulation in a 
user's lower limb, comprising: 

(a) a sandal element, including: 
5 (i) a sole element having a pluralit>' of inflatable chambers 

for selectively applying pressure to distinct portions of 
the user's sole, each of said inflatable chambers being 
located at a specific portion of said sole element, each 
of said inflatable chambers being controllably inflatable 
10 and deflatable at a specific timing so as to independently 

apply pressure to said distinct portions of said user's 
sole; and 

(ii) a shell element for fastening said sole element to the 
user's foot; and 

1 5 (b) an inflating system for independently inflating and deflating said 

inflatable chambers. 

2. An apparatus as claimed in claim 1, wherein said shell element 
includes at least one closure member for fastening said shell element around 

2 0 the user's foot. 

3. An apparatus as claimed in claim 1 or claim 2, wherein said 
sole element includes: a first inflatable chamber adapted to engage the user's 
heel; a second inflatable chamber adapted to engage the user's plantar arch; a 

2 5 third inflatable chamber adapted to engage the user's metatarsus; and a fourth 

inflatable chamber adapted to engage the user's toes. 

4. An apparatus as claimed in claim 1, 2 or 3, wherein each of 
said inflatable chambers features a specific maximal pressure value while 

3 0 adopting its inflated form. 
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5. The apparacus of claim 4, wherein each of said inflatable chambers 
feamres a specific pressure buildup and pressure relaxation profile. 

6. The apparatus of claim 3, wherein each of said inflatable chambers 
features walls, said walls of said each inflatable chamber featuring a specific flexibility, 
so that each of said inflatable chambers features a specific height and a specific volume 
while adopting its inflated fonn. 

7. The apparams of claim 3, wherein each of said inflatable chambers 
features a specific size and a specific shape. 

8. The apparams of claim 1, wherein said inflatable chambers are 
independently inflated and deflated according to a specific sequence so as to simulate a 
specific motor activity of the user's foot. 

9. The apparams of claim 3, wherein said inflatable chambers are 
independently inflated and deflated according to a specific sequence so as to simulate a 
specific motor activity of the user's foot. 

10. The apparatus of claim 3. wherein each of said inflatable chambers is 
inflated and deflatated in turn according to a sequence including said furst, said second, 
said third and said fourth inflatable chambers, so as to sequentially and alternately apply 
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pressure to the heel, plantar arch, metatarsus and toes of the user, thereby simulating 
motor activity of the foot. 

11. The apparatus of claim 3, wherein said inflatable chambers are 
independently inflated and deflated according to a sequence including inflation and 
subsequent deflation of said second chamber and then inflation and subsequent deflation 
of said fourth chamber, so as to sequentially and alternately apply pressure to the plantar 
arch and toes of the user, thereby sequentially compressing the user's venous plexus and 
activating the venous muscular pump at the user's calf. 

12. The apparams of claim 3, wherein said first, said second, said third and 
said founh inflatable chambers, are simultaneously inflated and then simultaneously 
deflated so as to simultaneously apply pressure to the heel, plantar arch, metatarsus and 
toes of the user. 

13. The apparams of claim 12, wherein each of said chambers feamres a 
specific maximal pressure value so as to simulate standing activity. 

14. The apparatus of claim 3, wherein said first, said second, said third and 
said fourth inflatable chambers, are sequentially inflated and then sequentially deflated. 

15. The apparatus of claim 4, wherein said specific maximal pressure value 
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of each of said inflatable chambers is predetermined by the user 



16. The apparatus of claim 5, wherein said specific pressure buUdup and 
pressure relaxation profile of each of said inflatable chambers, is predetermined by the 



user. 



17. The apparatus of claim 10, wherein each of said inflatable chambers 
features a specific maximal pressure value while adopting its inflated form. 

18. The apparatus of claim 17, wherein said specific maximal pressure value 
of each of said inflatable chambers is predetermined by the user. 

19. The apparatus of claim 1, wherein the frequency of the inflation and 
deflation of said inflatable chambers is predetermined by the user, so as to simulate 
motor activity of a specific rate. 

20. The apparatus of claim 10. wherein the frequency of the inflation and 
deflation of said inflatable chambers is predetermined by the user, so as to simulate 
motor activity of a specific rate. 

21. The apparatus of claim 1, wherein the duration of operation of said 
inflating system is predetermined by the user, so as to simulate motor activity of a 
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specific duration. 



22. The apparatus of claim 1, wherein said inflating system includes: 

(a) a pump for pumping fluid into said inflatable chambers, said pump being 
electrically connected to a controller; 

(b) a valvular system for controlling the flow of fluid into and out of said 
inflatable chambers, said valvular system including tubular elements each 
connected to a distinct inflatable chamber, each of said tubular elements 
having a valve for controlling the flow of fluid into and out of said distinct 
inflatable chamber, said valves being electrically connected to a controller; 

(c) a pressure sensor for sensing the pressure within the valvular system, said 
pressure sensor being electrically connected to a controller; and 

(d) a controller for controlling the operation of said valvular system and said 
pump according co the pressure sensed by said sensor. 

23. The apparatus of claim 22, wherein said pump is connected to said 
valvular system by means of a tubular element having a valve for alternately directing 
the flow of fluid into the valvular system and to atmosphere, said valve being electrically 
connected to a controller, said controller controlling the operation of said valve according 
to the pressure sensed by said pressure sensor. 

24. The apparatus of claim 22, wherein said inflating system further includes 
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a fluid concainer connected to said pump and said valvular system. 

25. The apparatus of claim 22, wherein said pump iS'electrically connected to 
a transformer element connectable to an electrical power supply. 

The apparams of claim 25, wherein said electrical power supply is an AC 

The apparams of claim 25, wherein said electrical power supply is a DC 
source. 

28. The apparatus of claim 22, wherein said sole element includes: a first 
inflatable chamber adapted to engage the user's heel; a second inflatable chamber adapted 
to engage the user's plantar arch; a third inflatable chamber adapted to engage the user's 
metatarsus; and a fourth inflatable chamber adapted to engage the user's toes. 

29. The apparams of claim 28, wherein said valves of said valvular system are 
comrollably activated such that each of said chambers is inflated and deflated in mm 
according to a sequence including said first, said second, said third and said fourth 
inflatable chambers, so as to sequentially and alternately apply pressure to the heel, 
plantar arch, metatarsus and toes of the user, thereby simulating motor activity. 



26. 

source. 
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30. The apparatus of claim 28, wherein said valves of said valvular system are 
controllably activated such that said chambers are independently inflated and deflated 
according to a sequence including inflation and subsequent deflation of said second 
chamber and then inflation and subsequent deflation of said fourth chamber. 

3 1 . The apparatus of claim 28, wherein said valves of said valvular system are 
controllably activated so as to simultaneously inflate said first, said second, said third and 
said fourth inflatable chambers, and then to simultaneously deflate said inflatable 
chambers, for simultaneously applying pressure to the heel, plantar arch, metatarsus and 
toes of the user. 

32. The apparatus of claim 28, wherein each of said chambers features a 
specific maximal pressure value so as to simulate standing activity. 

33. The apparatus of claim 28, wherein said valves of said valvular system are 
controllably activated so as to sequentially inflate said first, said second, said third and 
said founh inflatable chambers, and then to sequentially deflate said first, said second, 
said third and said founh inflatable chambers. 

34. The apparatus of claim 22, wherein each of said tubular elements branches 
to two tubular elements, one of which connectable to an inflatable chamber of a ri^ht 
sandal element, and the other of which connectable to an inflatable chamber of a left 
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sandal element, so as to allow identical simultaneous operation of said right 
sandal element and said left sandal element. 

35. An apparatus as claimed in claim 22, wherein half of said 
tubular elements are connected to a right sandal element and half are 
connected to a left sandal element, so as to allow a coordinated operation of 
said right sandal element and said left sandal element. 

36. A medical apparatus for facilitating blood circulation in a 
user's lower limb substantially as hereinbefore described with reference to the 
accompanying drawings. 
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